constant with height. The assumption of constant relative humidity with elevation is explored in e.g. Feld et al. (2013) , and is used in the making of NLDAS, WFD, and PGMFD. RH is given by the ratio of the ambient vapour pressure [VP] (the vapour pressure at dew point [T d ] or frost point [T f ] 25 temperature) divided by the saturation vapour pressure [VP s ] of moist air at the actual air temperature, multiplied by 100:
The Era-Interim 2-meter RH (RH E ) is calculated using the Era-Interim surface pressure (ps E ), T2 E , and T2d E , and
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Equation ew1 in Buck (1981) [Buck81] . The resulting, vertically adjusted HySN dew point or freeze point temperature (for simplicity, denoted T2d H ) is computed (in Celsius) directly from RH E (see e.g. Feld et al. (2013) ) using the Buck81 equation for water and the AERKi equation in duchov and Eskridge (1996) for ice:
For water b is 17.502 and c is 240.97. For ice b is 22.587 and c is 273.86. The vapour pressure is then calculated (still using the
40
Buck81 for water and AERKi for ice,) with suggested pressure dependent enhancement factors (f e ) from Alduchov and Eskridge (1996) . The HySN surface pressure (ps H ) is estimated by vertically adjusting the Era-Interim surface pressure to SeNorge orography combining the hydrostatic ap-45 proximation and the ideal gas law equation (Eq. 6 in Cosgrove (2003) , similar to the hypsometric equation):
where
is the estimated mean temperature (in Kelvin) in the atmospheric column between the SeNorge 50 grid elevation and the ERA-Interim grid elevation. ∆ z is the difference in elevation between the SeNorge grid and the ERA-Interim grid. Finally the adjusted vapour pressure is calculated:
For water d is 1.00071 and g is 0.0000045, while for ice d is 0.99882 and g is 0.000008 (Alduchov and Eskridge, 1996) . b is 17.502 and c is 240.97 for water [Buck81] . For ice b is 22.587 and c is 273.86 [AERKi] . If supersaturation occurs 60 vapour pressure is calculated for saturation, limiting RH to 100%.
Longwave incident radiation [LW]
The longwave radiation is adjusted (following Eq. 14 in Cosgrove (2003) ) by scaling LW E with the ratio of the estimated 65 Stefan-Boltzmann grey body radiation in the SeNorge grid to the estimated Era-Interim Stefan-Boltzmann grey body radiation.
σ sb is the Stephen-Boltzmann constant, ε E is the 70 Satterlund (1979) estimate of clear sky emissivity given the Era-Interim humidity and temperature: ε E = 1.08(1 − e(−V P T 2E/2016 E )), and ε H is similarly the Satterlund (1979) estimate of clear sky emissivity given the SeNorge temperature and HySN humidity: 75 ε H = 1.08(1 − e(−V P T 2 SN /2016 H )).
Shortwave incident radiation [SW]
No consistent approach is used in other forcing datasets for adjusting SW radiation. Given that SW is very sensitive to near surface humidity, and that the Cosgrove (2003) method 80 used above adjusts VP, we choose to scale the Era-Interim SW based on the estimated clear sky transmissivity for the two datasets; i.e. a method similar to that used to the derive the adjusted LW is used. In Thornton and Running (1999) [TR99] different empirical estimates of the total daily clear 85 sky transmissivity of SW are found, given different input data. Method (z, e) in Table 2 in TR99 predicts the daily clear sky transmissivity based on altitude (z) and VP (denoted with e in TR99):
: τ cc = τ ps(z)/ps0 0 + αV P τ 0 is 0.72 and is an empirical expression of the instantaneous transmittance for a dry atmosphere at reference pressure, ps(z) is the surface air pressure at grid elevation and ps 0 is the reference surface pressure (e.g. 101300 Pa; it is cancelled out in the calculations). α is −1.5 · 10 −5 Pa −1 and 5 is a slope parameter relating the influence of water vapour on the transmissivity. The adjusted SW is then calculated by scaling the Era-Interim SW with the ratio of the empirical expression of clear sky SW transmissivity given the difference in grid elevation and VP in the SeNorge and the Era-Interim grid. Since the expression for SW in TR99 is a multiplicative expression of extra-terrestrial (astronomical) radiation scaled by both an all-sky and clear-sky transmissivity, the ratio of the clear-sky transmissivity is squared.
The HySN data product is freely available from Zenodo (https://doi.org/10.5281/zenodo.1970170), and the Python code to generate the data is available on GitHub (https: //doi.org/10.5281/zenodo.1435555).
Vertical gradients in vapour pressure
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Both the observations and model estimates were analysed for dependence on geographical predictors. In order to derive the coefficients to adjust the model estimates to the station observations linear regression was used on seasonal mean values at the location of the 84 measurement stations (see Table S1 and 25 S2). For brevity the vertical gradients of the annual mean humidity values is show in in Fig. S2 . Fig S3 shows the vertical gradient when also latitude (above 57
• N) is included in the regression models, while Fig. S4 shows the vertical gradient when altitude, latitude (above 57
• N), distance to the coast,
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with interaction allowed between the altitude and distance to the coast. Altitude is a significant predictor of vapour pressure in the observations and models, also when additional geographical predictors are included. Figure S1 . Mean (1982 Mean ( -2000 vapor pressure (VP), incident shortwave (SW ↓) and longwave (LW ↓) radiation estimates in fall (SON) and spring (MAM) of Era-Interim, WFDEI, and HySN. The mean value for the points which are land points for all models are denoted in the upper left corner of each image. Figure S4 . Vapour pressure as a function of altitude alone (excluding the interaction term between distance to the coast and altitude), when based on a linear regression model including latitude (above 57
• N), altitude, distance to the coast, with interaction allowed between the latter predictors. The regression is based on annual mean values of vapour pressure at or near the location of the 84 measurement stations. • E]), altitude [m] , and distance to the ocean [km] of the station are denoted, as well as the first and last month and year of the timeseries included in the study. The stations with a +-sign are agricultural stations drifted by Bioforsk. The LW observation stations are marked with an asterisk. The percentage of discarded data within the time-series and the total number of days used in the validation are given, for LW data this is given in parenthesis. % flagged data includes missing data within the time-series. 
Observation stations
